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[57] ABSTRACT

A fuzzy computer which is provided with a control part
for generating control information to define a trapezoi-
dal membrship function, an operating unit for calculat-
ing the both oblique sides of the trapezoid by operating
input data according to the control information, a com-
parator (overflow detection circuit) for comparing op-
eration results of the operating unit with a predeter-
mined value which is based on the control information,
and a data elector for selecting, according to the com-
parison results of the comparator, either of the opera-
tion results of the operating unit or the predetermined
value in order to obtain the both bases of the trapezoid,
that is, both of the maximum and minimum values of the
membership function, in order to generate the member-
ship function, as a result, the fuzzy computer entails
neither a large-storage memory nor complicated soft-
ware operations which need processing time.

24 Claims, 9 Drawing Sheets
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DEVICE FOR COMPUTING MEMBERSHIP
FUNCTIONS IN FUZZY COMPUTERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a fuzzy computer,
and more in particular, to a fuzzy computer which 1s
capable of computing a membership function necessary
for fuzzy operation at higher speed with less hardware.

2. Description of Related Art

When fuzzy operation is executed, it is necessary to
compute a function f(x), which 1s called a membership
function, for an input x so that the input x can be con-
verted into the data capable of being fuzzily operated as
described in Toshio Terano et al., “A Guide to Fuzzy
System” (Ohm Book Company, Inc., 1987), pp. 150
through 152.

The membership function {f(x) i1s in general of a bell-
shape, triangle, or trapezoid, and it i1s customary to
adopt the membership function of either the triangle or
trapezoid so that the fuzzy operation could readily be
carried out.

In digital operation, the membership function f(x) is
defined with integer values fo, 1, f2. . . fo—1, fx which
are corresponding to discrete values x (x=0, 1, 2. ..
n—1, n). Accordingly, conventionally when the mem-
bership function f(x) is obtained by a computer, it is
necessary that the integer values should be stored on a
memory in advance as shown in FIG. 1, and then the
value of the function f(x) should be read by making the
input X as an index, or the value of the function {(x)
- should directly be computed by software.

Where such a membership function as shown in FIG.
2 1s computed by, for example, a microprocessor 8088
manufactured by Intel Co., it is necessary to execute a
program such as shown in FIG. 3.

- Now will be described bellow the program shown in
FI1G. 3.

This program designates the process that a value of
the function f(x) 1s obtained from the input x being
stored in a cx register and then is stored in an ax regis-
ter.

In the first and seventh lines, there are instructions to
prepare their respective constants in a dx register.

There are instructions to set a value of the function
f(x) to “0” in advance in the second line and to set a
value of the function f(x) to “255” in advance in the
tenth line, respectively.

And first it is checked in the third line whether the
input x is within the area of p shown in FIG. 2 or not,
and when the input x is within the area of p, the function
f(x) is made to be as f(x)="0" in the fourth line, finish-
ing the program.

Then, it is checked in the fifth line whether the input
x is within the area of q shown in FIG. 2, or not, and
when the input x is within the area of g, the program is
branched in the sixth line to the thirteenth line 1n order
to compute a straight line A.

Next, it is checked in the eighth line whether the
input x is within the area of t shown in FIG. 2 or not,
and when the input x is within the area of t, the function
- f(x) is made to be as f(x)="0" in the ninth line, finishing
~ the program. |

And it is checked in the eleventh line whether the
input x is within the area of r shown 1n FIG. 2 or not,
and when the input x is within the area of r, the function
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(x) is made to be as f(x)=*255" in the twelfth line,
finishing the program.

As can be seen from the above description, process-
ings in the thirteenth line through eighteenth line are to
be carried out when the input x is within the area of g 1n
FI1G. 2 (where the value of dx register is “32”) or the
area of s (where the value of dx register is **192”).

In those processings, the program is finished after the
straight line A or B was computed. The thirteenth line
designates an instruction to subtract the input x from the
value of the dx register. And when the results of this
instruction show that the subtracted value is negative,
the input x is within the area of q, and then, the value 1s
inverted to be positive in the fourteenth line and fif-
teenth line.

The sixteenth line and seventeenth line designate
instructions to quadruplicate the subtraction results, and
the eighteenth line designates an instruction to move the
subtraction results in the ax register.

The conventional fuzzy computer has generated the
membership function according to the above process
steps, and then, when there is adopted the method of
reading the membership function from the memory
according to the index value, there exists inconvenience
that it is necessary to equip a mass-storage memory for
storing the membership function, and when there is
adopted the method of calculating the membership
function by using softwares, there exists inconvenience
that it takes longer time to compute the membership
function.

SUMMARY OF THE INVENTION

The foregoing inconvenience are overcome in accor-
dance with the present invention, and the present inven-
tion is directed to provide a fuzzy computer which is

. capable of computing a membership function at higher
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speed by fewer hardwares.

The fuzzy computer in accordance with the present
invention is provided with a control portion for gener-
ating control information to define the membership
function, an operating unit for operating input data in
accordance with the control information, a comparator
for comparing operation results of the operating unit
with a predetermined value which is based on the con-
trol information, and a data selector for selecting, ac-
cording to the comparison results of the comparator,
either the operation results of the operation means or
the predetermined value which is based on the control
information.

With the fuzzy computer in accordance with the
present invention, the control portion generates the
control information, accordingly, the operating unit
operates input data, and the comparator compares the
operation results with the predetermined value which
was set in advance based on the control information,
following which the data selector, according to the
comparison results, selects either the operation results
or the predetermined value which is set in advance
based on the control information, thereby, obtaining the
value of the membership function.

The above and further objects and features of the
invention will more fully be apparent from the follow-
ing detailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram to illustrate a content
of a memory area of a conventional fuzzy computer in
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which a membership function is stored on a memory in
advance;

FIG. 2 is a view to explain a membership function;
FIG. 3 is a schematic diagram to illustrate by way of
example a program to generate the membership func- 3
tion by the conventional microprocessor using a soft-

wWare;

FIG. 4 is a block diagram to illustrate a construction
of a portion for generating a membership function of the
fuzzy computer of the present invention; |

- FIG. 5 is a circuit diagram to illustrate a construction
of two operating units of the fuzzy computer of the
present invention;

FIG. 6 is a circuit diagram to illustrate a constriction
of a data selector of the fuzzy computer of the present
invention;

FI1G. 7 is a table to illustrate the relationship between
an internal signal and an output signal for input data of
the fuzzy computer of the present invention; 20

FIG. 8 is a circuit diagram to illustrate an example of
another construction of a constant multiplying circuit of
the fuzzy computer of the present invention; and

FIGS. 9(a) and 9(b) are views to explain a member-
Ship function. 5

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now will be described below an embodiment of the
present invention in detail with reference to the at- 30
tached drawings.

FIG. 4 is a schematic diagram to illustrate a construc-
tion of a portion for generating a membership function
of the fuzzy computer of the present invention.

In FIG. 4, reference numeral 1 designates an input 35
terminal for inputting an input Xx.

Reference numerals 2 and 3 designate operating units,
each of which operates an input data 10 (input x) of 8
bits which are inputted from the input terminal 1 ac-
cording to bg through by and ag through a7 of control 40
signals 11 and 12 (both made of 10 bits) which are gen-
erated in a control part § in such a way as will be de-
scribed later. Control part 5§ may be a register or other
memory device. These operation resuits fp through f7
are to be outputted as the outputs designated by refer-
ence numerals 13 and 14 (both made of 8 bats).

The operating unit 2 checks the operation results 13
whether to be less than “—1” or not as well as more
than “256” or not, outputting both of the respective
comparison results do and d; as the outputs designated
by reference numerals 15 and 16 (both made of 1 bit).

As in the same way as the operating unit 2, the oper-
ating unit 3 checks the operation results 14 whether to
be less than “—1” or not as well as more than *256” or ..
not, outputting both of the respective comparison re-
sults dg and d; as the outputs designated by reference
numerals 17 and 18 (both made of 1 bit).

Reference numeral 4 designates a data selector,
which inputs each of the comparison results 135, 16, 17 ¢,
and 18 of the above both operating units 2 and 3 and
contro! signals 19 and 20 (both made of 1 bit) being
outputted from the control part 5 as mg, ng, mj, nj, Cop
and ci and selects, according to these values, one from
the operation results 13 and 14 of the operating units 2 65
and 3 and constants “0” and ““255”, outputting this as an
output value 21 (yg through y7) of 8 bits to an output
terminal 6.
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FIG. 5 i1s a circuit diagram to illustrate construction
of the operating units 2 and 3, both of which are the
same construction.

In FIG. 5, reference numeral 30 designates a sub-

tracter, which subtracts the input data bg through by of
8 bits from the input data agthrough a7y of 8 bits, output-
ting this as subtraction results sg through s7.

Incidentally, in the operating unit 2, the input data agp
through a7 of 8 bits is the input x and the input data bg
through b7 of 8 bits is the 8 bits in the control signal 10
outputted from the control part 5. And in the operating
unit 3, the input data ag through a7 of 8 bits is the 8 bits
of the control signal 10 outputted from the control part
5§ and the input data bg through b7 of 8 bits is the input
X.

Reference numeral 31 designates a shifter, which
shifts the subtraction results sp through s7 of the sub-
tracter 30 to the left side by 0, 1, 2 or 3 bits and outputs
them as fo through f7 when the values to be shown by
the input mgand mj of two bits are within the values “0”
through *“2%.

The input mgand m; are, in the operating unit 2, other
two bits excepting bg through b7 of the control signal 10
outputted from the control part §, and 1s, 1n the operat-
ing unit 3, other two bits excepting ag through a7 of the
control signal 11 outputted from the control part 3.

One bit of each of the subtracter 30 and shifter 31 is
shown in the figure, however, 8 bits of the same con-
structed circuit of each of them are practically being in
cascade connection.

Reference numeral 32 designates a decoder for the
shifter 31 which decodes the input mpand m; of two bits
and sends this to the shifter 31.

Reference numeral 33 designates an overflow detec-
tion circuit for the shifter 31 which checks whether the
operation results of the operating units 2 and 3 are more
than “256” or not, outputting these results 16 and 18 as
a signal d;.

An output signal dg of the overflow detection circuit
33, which is a borrow signal of the subtracter 30, is
outputted as a signal to indicate the comparison results
15 and 17 of whether the operation result 1s “— 1" and
downward or not.

Summing up the above description, assuming that the
input data ag through a7 is a, the bg through b71s b, the
output fo through f7 is f, and the input mg and m) 1s m,
the operating units 2 and 3 shown in FIG. 5 execute
such an operation as:

(@—b)X2m

and output the operation results as the { as well as com-
pares the operation results with “—1" and with “255%,
outputting the comparison results as do and di, respec-
tively.

Now will be referred to the data selector 4. FIG. 6 1s
a circuit diagram to illustrate a construction of the data
selector 4.

In FIG. 6, reference numeral 41 designates a decoder,
which decodes the input mg, mj, np and nj of four bits
and generates a control signal of a selector 40. In the
decoder 41, control signals 19 and 20 (see FIG. 4) to be
inputted to the input cop and c¢j are both made to be “0”,

Reference numeral 40 designates a selector, which
selects, according to the decoded results of the decoder
41, one from go through g7 which are the output fg
through f7 being the operation results 13 of the operat-
ing unit 2, hgthrough hy which are the output fothrough
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f7 being the operation results 14 of the operating unit 3,
or the constant “0” or “255”, and outputs ygthrough y7.
- This output yo through v7 1s outputted to the output
terminal 6 as the output value 21 of the data selector 4.

Meanwhile, only one bit of each of the selector 40
and decoder 41 is shown in FIG. 6, however, 8 bits of
the same constructed circuit of each of them are practi-
cally being in cascade connection.

Now will be described below operation of the fuzzy
computer of the present invention thus constructed.

To the operating unit 2, the input data 10 1s inputted
to the ag through a7 and the control signal 11 is inputted
to the bg through b7, mp and mj, and then, when the
value *32” is designated by the signal values of bo
through b7 of the control signal 11 of ten bits and the
value “2” is designated by the signal values to be input-
ted to the mg and mj, respectively, the operating unit 2
executes such an operation as

(x—32)% 4

to generate the function, that is, the straight line A In
FIG. 2. In the above operation, the x designates the
value of the input data 10. |

The operation results 13 of the operating unit 2 are
outputted as fp through f7 and are inputted to the input
go through g7 of the data selector 4.

As in the same way as the operating unit 2, to the
operating unit 3, the input data 10 is inputted to the bg
through b7 and the control signal 11 1s inputted to ag
through a7, mgand mj, respectively, and then, when the
value “192” is designated by the signal values of ap
through a7 of the control signal 11 of ten bits and the
value “2” is designated by the signal values to be input-
ted to mo and m,, respectively, the operating unit 3
executes such an operation as

(192—x)x 4

to generate the function, that is, the straight line B in
FIG. 2.

The operation results 14 of the operating unit 3 are
outputted as fp through f7 and are inputted to the mnput
ho through h7 of the data selector 4. "

The dg and d, being the outputs 15 and 16 of operat-
ing unit 2 are inputted to the input mp and ng of the data
selector 4 and the dg and dj being the outputs 17 and 18
of operating unit 3 are inputted to the input mj and nj of
the data selector 4, respectively, and these values have
such a relationship with the area of the value x shown
FIG. 2 as shown in a table of FIG. 7.

In the data selector 4, each of the comparison results
15, 16, 17 and 18 (which are two pairs of the dgand di)
is inputted to each of mp, mj ng and n; and each of the
operation results 13 (straight line A) and 14 (straight
-~ line B) is inputted to each of gp through g7 and ho
through h7. As a result, assuming that the output yo
through y7 of the data selector 4 are to be y, such a
- value as shown in the table of FIG. 7 is to be outputted.
In other words, the operating units in FIG. S generate a

membership function of such a trapezoid as shown in
FI1G. 2.

In the above embodiment, there is shown the arrange-
ment that a portion to multiply the subtraction results
by the constant is the shifter 31 in the operating units 2
and 3, however, another arrangement, such as that
shown in the circuit diagram of FI1G. 8, may be adopted.

The operation results sg through s7 (negative logic)
obtain from a subtraction circuit such as that shown 1n
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FI1G. 5 are inputted to sg through s7 in FIG. 8. After
that, the operation results are multiplied by the constant
by the shifter alone in FIG. 5, while the operation re-
sults are multiplied by the constant by both of an adder
and a shifter shown in the circuit diagram of FIG. 8.

In FIG. 8, reference numeral 51 designates the adder
and reference numeral 52 designates the shifter (one bit
of both of which is shown in the same way as in FIG. 3).

The adder 51 adds the operation results sg through s7
(hereinafter referred to as s) to the value one bit shifted
to the right side of the operation results. At that time,
the value one bit shifted to the right side of the opera-
tion results is the intersection with mg, accordingly,
when myis the value “1”, the adder 51 outputs the value
which multiplies the value of s by 1.5, and when mg 1S
the value “0”, the adder 51 outputs the operation results
s just as it is. And the shifter 52 multiplies this output by
1, 2, 4 or 8. As a result, there can be obtained the value
which was made by multiplying the operation results s
by 1, 2, 4, 8 or 1.5, 3, 6, 12 as the output f according to
the content of mpand m». In FIG. 8, reference numerals
32 and 33 designate a decoder and an overflow detec-
tion circuit, respectively, as in the same way 1n FIG. J,
functions of each of which being the same in those In
FIG. S.

In the above embodiment, there has been described

on the case where both of the control signals 19 and 20
which are outputted from the control part § to be the
inputs ¢; and co of data selector 4 are “0”, however,
another arrangement may be adopted that either of the
control signals 19 or 20 is made to be “1” 1n order to
forcibly make either the comparison results 18 of the
operating unit 3 or the comparison results 16 of the
operating unit 2 the value ““1”. In this case, a function of
such a form as shown in FIG. 9(a) or FIG. 9(b) is to be
obtained.

As may be seen from the above description, the por-

tion to generate the membership function of the fuzzy
computer of the present invention is capable of being

adapted to comprise two operation units and a data
selector for comparing the operation results of these
operation units with predetermined values selecting
either the operation results or the predetermined value
according to the comparison results. As a result, there
can be obtained the fuzzy computer with the portion to
generate the membership function which needs to pro-
vide neither a large-storage memory for storing func-
tion values nor software process but can perform pro-
cessing at higher speed with a small-storage hardware.
As this invention may be embodied in several forms
without departing from the spirit of essential character-
istics thereof, the present embodiment is therefore illus-
trative and not restrictive, since the scope of the inven-
tion is defined by the appended claims rather than by
the description preceding them, and all changes that fall
within the metes and bounds of the claims, or equiva-
lence of such metes and bounds thereof are therefore
intended to be embraced by the claims.
What is claimed is:
1. A digital device for computing a fuzzy membership
function comprising:
a first operation unit coupled to receive an input
variable and a first control signal having:
(1) a first subtractor having a minuend input cou-
pled to said input vanable and a subtrahend input
coupled to said first control signal and wherein
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said first subtractor outputs a first difference

signal; |

(i) a first comparator, coupled to receive said first
difference signal for asserting a first overflow
signal when said first difference signal exceeds a
maximum value and for deasserting a second
overflow signal when said first difference signal
exceeds a minimum value;

a second operation unit coupled to receive said input

variable and a second control signal having:

(i) a second subtractor having a minuend input
coupled to said second control signal and a sub-
trahend input coupled to said input varnable
wherein said subtractor outputs a second differ-
ence signal;

(ii) a second comparator, coupled to receive said
second difference signal for asserting a third
overflow signal when said second difference
signal exceeds said maximum value and for deas-
serting a fourth overflow signal when said sec-
ond difference signal exceeds said minimum
value; and

a data selector coupled to receive said first difference

signal, said second difference signal, said first, said

second, said third and said fourth overflow signals
for outputting:

(i) said maximum value when said first and said
third overflow signals are asserted and said sec-
ond and fourth overflow signals are deasserted;

(i) said minimum value when said first and said
fourth overflow signals are asserted and said
second and third overflow signals are deasserted;

(iii) said minimum value when said second and said
third overflow signals are asserted and said first
and said fourth overflow signals are deasserted;

(iv) said first difference signal when said third
overflow signal is asserted and said first, said
second and said fourth overflow signals are deas-
serted; and

(v) said second difference signal when said first
overflow signal is asserted and said second, said
third and said fourth overflow signals are deas-
serted. |

2. The digital device of claim 1 further comprising a
control part coupled to said first and second operating
units for outputting said first and said second control
signals.

3. The digital device of claim 1 wherein said data
selector is further coupled to receive a third control
signal; and wherein when said third control signal 1s
asserted said first overflow signal is asserted.

4. The digital device of claim 1 wherein said data
selector is further coupled to receive a third control
signal; and wherein when said third control signal is
asserted said third overflow signal is asserted.

5. The digital device of claim 1 wherein said first
operation unit further comprises an adder disposed be-
tween said first subtractor and said first comparator for
incrementing said first difference signal.

6. The digital device of claim 1 wherein said second
operation unit further comprises an adder disposed be-
tween said second subtractor and said second compara-
tor for incrementing said second difference signal.

7. A digital device for computing a fuzzy membership
function comprising:

a first operation unit coupled to receive an input

variable and a first control signal having:
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(i) a first subtractor having a minuend input cou-
pled to said input variable and a subtrahend input
coupled to said first control signal and wherein
said first subtractor outputs a first difference
signal;

(ii) a first shifter coupled to receive said first differ-
ence signal wherein said first shifter outputs a
first shifted difference signal;

(iii) a first comparator, coupled to receive said first
shifted difference signal for asserting a first over-
flow signal when said first shifted difference
signal exceeds a maximum value and for deas-
serting a second overflow signal when said first
shifted difference signal exceeds a mimmum
value;

a second operation unit coupled to receive said input

variable and a second control signal having:

(i) a second subtractor having a minuend input
coupled to said second control signal and a sub-
trahend input coupled to said input varnable
wherein said subtractor outputs a second differ-
ence signal;

(ii) a second shifter coupled to recetve said second
difference signal wherein said second shifter
outputs a second shifted difference signal;

(iii) a second comparator, coupled to receive said

‘second shifted difference signal for asserting a
third overflow signal when said second shifted
difference signal exceeds said maximum value
and for deasserting a fourth overflow signal
when said second shifted difference signal ex-
ceeds said minimum value; and

a data selector coupled to receive said first shifted

difference signal, said second shifted difference

signal, said first, said second, said third and said
fourth overflow signals for outputting:

(i) said maximum value when said first and said
third overflow signals are asserted and said sec-
ond and fourth overflow signals are deasserted;

(i) said minimum value when said first and said
fourth overflow signals are asserted and said
second and third overflow signals are deasserted;

(iii) said minimum value when said second and said
third overflow signals are asserted and said first
and said fourth overflow signals are deasserted,;

(iv) said first shifted difference signal when said
third overflow signal is asserted and said first,
said second and said fourth overflow signals are
deasserted; and

(v) said second shifted difference signal when said
first overflow signal is asserted and said second,
said third and said fourth overflow signals are
deasserted.

8. The digital device of claim 7 further comprising a
control part coupled to said first and second operating
units for outputting said first and said second control
signals.

9. The digital device of claim 8 wherein said second
operation unit further comprises: |

an adder disposed between said first subtractor and

- said first shifter and coupled to receive said second

difference signal for incrementing said second dif-

ference signal.

10. The digital device of claim 7 wherein said first
operation unit further comprises a decoder, having an
output coupled to said first shifter and having an input
coupled to receive a shift control signal.
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11. The digital device of claim 10, further comprising
a control part coupled to said second operation unit
wherein said control part outputs a shift control signal.

12. The digital device of claim 7 wherein said second
operation unit further comprises a decoder, having an
output coupled to said second shifter and having an
input coupled to receive a shift control signal.

13. The digital device of claim 12, further comprising
a control part coupled to said second operation umnit
wherein said control part outputs a shift control signal.

14. The digital device of claim 7 wherein said data
selector is further coupled to receive a third control
signal; and wherein when said third control signal is
asserted said first overflow signal is asserted.

15. The digital device of claim 7 wherein said data
selector is further coupled to receive a third control
signal; and wherein when said third control signal is
asserted said third overflow signal i1s asserted.

16. The digital device of claim 7 wherein said first
operation unit further comprises:

an adder disposed between said first subtractor and

said first shifter and coupled to recetve said first

difference signal for incrementing said first differ-
ence signal.

17. A digital device for computing a fuzzy member-
ship function having trapezoidal shape, wherein the
trapezoidal shape is defined by a top and a bottom bases
and two oblique sides comprising:

a first operating unit, having a minuend mmput coupled
to receive an input variable and a subtrahend input
coupled to receive a first control signal, for output-

‘ting a first straight line function corresponding to
said first oblique side;

a second operating unit, having a minuend input cou-
pled to receive a second control signal and a sub-
trahend input coupled to receive said input vari-
able, for outputting a second straight line function
corresponding to said second oblique side;

a first comparator, coupled to said first operating
unit, for asserting a first overflow signal when a
value of said first straight line function exceeds a
top base value, and for deasserting a second over-
flow signal when said value of said first straight
line function exceeds a bottom base value;

a second comparator, coupled to said second operat-
ing unit, for asserting a third overflow signal when
a value of said second straight line function exceeds
said top base value and for deasserting a fourth
overflow signal when said value of said second
straight line function exceeds said bottom base
value; and
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a selector circuit coupled to said first and said second
operating units and to said first and second compar-
ators for outputting:

(1) said top base value when said first and said third
overflow signals are asserted and said second
and fourth overflow signals are deasserted;

(ii) said bottom base value when said first and said
fourth overflow signals are asserted and said
second and third overflow signals are deasserted;

(iii)} said bottom base value when said second and
said third overflow signals are asserted and said
first and said fourth overflow signals are deas-
serted; -

(iv) said first straight line function when said third
overflow signal is asserted and said first, said

second and said fourth overflow signals are deas-
serted; and

(v) said second straight line function when said first
overflow signal is asserted and said second, said
third and said fourth overflow signals are deas-
serted.

18. The digital device of claim 17 wherein said first
operating unit further comprises a shifter.

19. The digital device of claim 17 wherein said first
operating unit comprises:

a subtractor for subtracting said first control signal

from said input variable;

an adder having an input coupled to an output of said

subtractor; and

a shifter having an input coupled to an output of said

adder.

20. The digital device of claim 17 wherein said sec-
ond operating unit comprises:

a subtractor for subtracting said input variable from

said second control signal;

an adder having an input coupled to an output of said

subtractor; and |

a shifter having an input coupled to an output of said

adder.

21. The digital device of claim 17 wherein said sec-
ond operating unit further comprises a shifter.

22. The digital device of claim 17 further comprising
a control part coupled to said first and said second oper-
ating units for outputting said first and said second con-
trol signals.

23. The digital device of claim 17 wherein said first
operating unit further comprises an adder for incre-
menting said first straight line function.

24. The device of claim 17 wherein said second oper-
ating unit further comprises an adder for incrementing

said second straight line function.
% x*x % ¥ ¥
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